y is cardiac index (liters/min/m2) and x is age (years). Stroke index also decreased linearly by aging throughout all ages: r=-0 .426 and y=71.0-0.26 x, where y is stroke index (ml/m2) and x is age. There was no significant difference between males and females. A significant difference was found between the young group below 14 years of age and the other group older than 15 years when cardiac output was correlated to body sizes such as height, weight and surface area . The former which is corresponding to the growth age showed significantly higher cardiac output than the latter.
From these results , age-matched normal predicted values were presented.
It is suggested that the measured cardiac index and stroke index should be taken as abnormal if those values deviate from the normal value by 30% or more. cardiac output; stroke volume; dye-dilution method; body size; aging
The resting cardiac output represents one of the important measures of cardiac performance and the most basic value for calculating many parameters of the cardiovascular function. It has been published by some authors (Cournand et al . 1945; Brandfonbrener 1955; Granath et al. 1964 ) that the cardiac output decreases with age. On the contrary, there have been other reports (Jegier et al. 1961; Julius et al. 1967 ; Hanson et al. 1968) showing that the cardiac output does not necessarily change with ages. The controversy seems due to whether or not such a study was performed in subjects with a wide range of age and with a sufficient number of cases for obtaining a statistically significant relationship to age , because the physiological variation of the resting cardiac output is relatively wide so that it may mask the real age difference of the cardiac output.
The present paper describes the values for the normal resting cardiac output and storke volume in 151 healthy persons, ranging from 4 to 78 years in age, measured by the earpiece dye-dilution method with a newly devised automatic calibration technique of dye concentration (Katori et al. 1977 The cardiac output was measured by the earpiece dye-dilution method using a dichromatic earpiece densitometer (Nihonkoden MLC-4100, Tokyo) as previously reported (Katori et al. 1977 ). The ear was massaged to get a good blood flow before setting the earpiece on the ear, and warming-up of 5 to 10 min was necessary before measurement. An earpiece capsule was inflated at 240 mmHg for 45 sec to make the ear bloodless. After the inflation of the earpiece capsule was released, it was ready to start the measurement of cardiac output.
The calibration of dye concentration was automatically made by a computer system of the densitometer as previously reported (Katori et al. 1977) .
Indocyanine green dye, 5 mg dissolved in 1 ml distilled water (2.5 g in 0.5 ml for an infant), was rapidly injected into an antecubital vein (or a femoral vein in a small number of cases )followed by flushing of 5 ml of 5 per cent glucose solution.
Cardiac output was immediately calculated by the computer of the densitometer.
About 5 min later the second measurement was performed and a mean value was taken as the measure for the subject, provided that two values were not different from each other by more than 10% .
RESULTS

Relation between cardiac output and age
The resting cardiac output increased with age until about 15 years of age , while after that age it decreased almost linearly with age as shown in Fig . 1 . Since the cardiac output is dependent on body size , it was normalized by body size such as body surface area (m2), height (m) and body weight (kg) as shown in Figs . 2, 3 and 4. The cardiac index (cardiac output/body surface area) decreased progressively with age as shown in Fig. 2 . The correlation coefficient was -0.491 (p<0.001) and the regression equation was y=4.874-0.023x, where y is cardiac index and x is age, in 105 persons whose age was higher than 20 years. There was no difference between males and females.
The cardiac output divided by height (CO/H) and the cardiac output divided by body weight (CO/W) were also significantly correlated with age as shown in Figs. 3 and 4. Both CO/H and CO/W decreased with age in persons whose age was higher than 20 years. In persons of the first and second decades, however, a different tendency was found between CO/H and CO/W. CO/W was markedly high in the young group as compared with the old group, while CO/H did not show such a significant difference between the two age groups as seen in Figs. 3 and 4. When the subjects were divided into two groups , i.e., one is younger than 15 years (growth age group) and the other 15 years and older (post-growth age group) , th e following interesting results were obtained . The growth age group had an apparently higher correlation coefficient than the post-growth age group in all of the three relations as shown in Table 1 . In the growth age group, the correlation coefficient was 0.670, 0 .660 and 0.616 for body surface area , body weight and h eight, respectively. In the post-growth age group , on the other hand, the coefficient was lower than the growth age group in all . The highest correlation was found in the relation to height (r=0 .513), and the lowest one was to body weight (r=0 .393) in the post-growth age group . 7, the regression line (dotted line) of the former group is clearly shifted leftward from that of the latter group (solid line), although the slope of the regression line is approximately identical with one another among 3 relationships as shown in Figs. 5, 6 and 7. This indicates that the growth age group has markedly higher cardiac output for body size than the postgrowth age group.
It was found, on the Relations of age to heart rate and stroke index Heart rate at rest decreased with age and the correlation was significant . The correlation coefficient was -0.327 (p<0 .001) and regression equation was y=77 .8-0.21x, where y is heart rate and x is age . Stroke index (stroke volume/body surface area) also decreased with age and a significant inverse correlation (p<0 .001) was found between stroke index (y) and age (x) ; r=-0 .426 and y=71.0-0.29x, as shown in Fig. 8 .
DISCUSSION
It appears reasonable to expect that the resting cardiac output may decrease with age, because the basal metabolism decreases with age (Boothby et al . 1929) . However, precise measurement of cardiac output in man had been impossible until an introduction of the cardiac catheterization. For the first time , Cournand et al. (1945) reported that the resting cardiac output decreased with age and the decline rate was 26.2 ml/min/m2/year. Brandfonbrener et al. (1955) reported the more detailed results in 67 healthy persons ranging from 19 to 86 years in age by the cuvette dye-dilution method. The cardiac output was dependent on age and its decline rate was 1% per year for cardiac output and 0.8% for cardiac index . In most of their studies, the measurement was performed in subjects with a relatively narrow range of age, so that a statistical analysis in the relationship between cardiac output and age would be hard to carry out, because a small age-dependent difference of cardiac output would be masked by a physiological variation of caradic output. It will be necessary to study in persons with the wide range of age for evaluation. The present study was performed in 151 persons ranging from 4 to 78 years old. Cardiac output decreased with age by 23 ml/min/m2/year, corresponding to 0.66% per year at the age of 60 years. Stroke volume also decreased by 0.29 ml/ m2/year with age, being equivalent to 0.54% per year at the same age. There has been no report, to my knowledge, concerning the difference between males and females for cardiac index and stroke index except for the report of Watanabe and others (1973) . In the present paper, no difference was found between males and females. It is interesting that cardiac index was not different from each other, despite of the fact that basal metabolism in the female was lower by 7 to 10% than that in the male (Boothby et al. 1929 ). This implies that arterio -venous oxygen difference is lower in the female than the male . This low A-V oxygen difference is probably due to a low oxygen capacity of female blood, because hemoglobin content of blood is lower in the female than the male .
There is no doubt that cardiac output is affected by body size . We used to use body surface area to normalize cardiac output . However, Burch and Giles (1971) criticised the conventional use of body surface area for noramlization of cardiac output by reason of inaccuracy for estimating that value , because it is not actually measured in each individual , but it is only empirically estimated. They suggested to use an actual value such as body weight exactly measured .
In the present paper, three indices of normalized cardiac output , i.e., cardiac i ndex, cardiac output/height (CO/H) and cardiac output/body weight (CO/W) , were compared with each other in relation to age as described above . There were no definite differences among the three indices in older persons than 20 years of age , while a clear difference was found between CO/W and CO/H in young persons; i .e., CO/W in those under 20 years was markedly large as compared with that in the adult persons (Fig. 4) , while CO/H was similar regardless of the ages (Fig . 3) . This indicates that CO/W may overestimate the resting cardiac output and CO/H underestimate the cardiac output in infants or children . Cardiac index seems to be intermediate between CO/W and CO/H in young persons .
Another interesting finding was observed between cardaic output and body size when the subjects were divided into a growth age group and a post-growth age group at the age between 14 and 15 years. As seen in Figs. 5, 6 and 7, the former group positioned the left of the latter group in all of the three figures. This implies that the former, which corresponds to the growing ages, has significantly higher cardiac output per unit of body size than the latter group. As to correla tion coefficients between cardiac output and the three body size indices , the correlation of body surface area was intermediate between body weight and height in both the age groups, so that cardiac index by using the body surface area is considered to be useful on the contrary to the suggestion of Burch and Giles (1971) . Furthermore, since the correlation of body weight with cardiac output was the lowest among the three indices in the adult group (Table 1) , the index CO/W for the normal resting cardiac output would become underestimated for obesity. values by more than 30% . The range of those deviations from the standard value may be relatively wide for the evaluation of cardiac output in patients , and such d eviation may be due to either the physiological variation of cardiac output it self, a technical error of the measurement , or both.
